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TEORNIO.l..L NOTE'NO. S44

INVESTIG~TION OF THE FOROES-AOTING ON GLIDERS

IN ~UTOilOBILE-. 'PULLEY-, WIHOH-, AND

AIRPLANE-TO\~D FLIGHT'

By W. B. Klemp~~~r
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The magnitude, the direction, and the flucrtuation of
towing forces exerted upon gliders by towing them aloft .

. behind an .aut omobile, by means of a ''linch, 'and. 'by- .a-:Lrplane~~ -- --
were measured under a variety of c ondd b Lo n a cover:i."ng a - -~

range from gentle to severe types of 6peration. "For bh es e ,'0:,- ~,--

tests the towing forces did not exceed 92 ,percent--6f the "-';,-~~,

gross ''leight of the glider. --- __
---

The results indicate that in pulley and winch towi~g

the towing forces are of about the same magnitude as in
automobile t owing. Speed increases in the a c.c e Le ra'be d '
pha s e s of the towing jerks encountered in air-plane tow-ing-.-~, -ce.'

can readily become critical as speeds in excess of-placard
speeds can be attained. Passage through the slipstream .01'
tho t owing airplane can bo oquivaiont to a ~ovoro gust . ----
that, at high spood, ma~r impose htgh wYo.g loads' and re- -- -
qUi~.e largo control moments. - --- -- --~ ---

INTRODUO-T tON

.l.. previous investigation into the nature and tho mag
n~ tucl.e of tho, towing forco s exert o d on gl'ider!3 hO:~ b-ecin
toportod, in roference ~'. Thnt invbstigati~n ~BS limited
to three utility types of glider ~nd'to ,automobile and
airpln.ne towing. Thi3 tosts indicat9ct that~thc tOldng
forces d e p ond largoly upon the to,"llng tec'hniquo,'-t'hat un-
der fo..vorablo conditions they o..ro insignificant but, thtdi' - -, - _.-
in deli bero..tely rough maric'uve r e , simulating' extremely cr'udo"
and inexperienced hand~ingJ they can oxcood one ~d ono- -
half tiLles the gross ".,e~g:p.}i'. and 'that hii-ce bh'e gross
weight probably could be as&umod as a reasonable design
load limit.
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Since- the publ~catinxa of refer enco 1, the Civil Aero-
nautics Authority has -promulgated regulations. (reference
2, p-p. 20, 21) from ~rhich t’ue following passages referring
to towing forces “are quoted.:: —. —

,,
1’05.250 : Genexa~. The following ~~.quirbments do not
apply to the en$.ire.glider strubture, but have par-
ticular reference to the t-owing and launching, and
holding fittings (and/or mechanisms) and the struc-
tures to which they are attached, These requirements
are somewhat arbitrary in nature and will be suitably
revised when satisfactory test results are available,
A minimum-limit factor of safety of 1.0 and m minimum
ultimate factor of safety of 1.5 shall be used, un-
less otherwise specj.fied. See also Paragraph 05.2’?
for multiplying factors of safety required in certd.n “
cases.

“05.251 A limit load of 1200 pounds or 3*O times. the
gro”ss weight, whichever is greater, shall be assumed
to act in the following. separate cases!

(a) Iorward at the towing and launching fitting
(or mechanism), and.afLat the rear hold-
ing fitting.

(b) At the towing and launching fitting, and
direc~ed fbrward and upward at an angle
of 30 with” the longitudinal axis.

(c) At tha.towing and launching fitting, r.nd
directed ~orwerd and downward at an an-
gle of 75 with the longitudinal axis,

(d) At the tmwing and.launching fitting, and
directed Jorward and sidsward at an an-
gle of 30 with the longitudinal axis.

1!05.252 .Unless the strength of the wing in resis”t- j..
ing rearward acting chord loads is equal to or great-
er than the strength against forward acting chord
loads, suitable provision shall be made to provide ““
adequate strength of vitng drag trusses to resist chord
inertta loads developeQ ins_hock chord and winch
launclies.’~

In order to extend quantitati+ve- exyerien&e to cover
more broadly commonly usecl glider and sailplane t3+pes and
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.* varieties of towing niethod~ and flight cgnditions~ addi-
tional tests were organized-during ”1940 and 1%””41~?I.6”&”””

——._

‘contract for the NACA. !l!heseadditional” tests$ described
herein~ were conducted by the Southern California Soaring
Association, Inc., a group affiliated with the Soaring
Society of America, Inc., and assisted by some mem%ers of
the Avions~ an organization of air-minded young high-
school students sponsored by the National Aeronautical
Association.

TEST EQUIPMENT

Gliders

The gliders flown in the tests comprise repr~sentative
current types. The accompanying photographs (figs. 1 to 4)
show the gliders used in the i.nvestigatio.ti. ~ahle I shows
the various dimensions aua data that’have ~earing upon the ‘
interpretation of the tow-test results-. — —

!!Iie30W1US Baby Albatross and the Briegleb BG6 glide
ers (figs. 1 and 3) are intermediate types commercially

—— .

manufactured and popular for training and soaring contests..
The Stick and the Jensen glidc+rs_(figs. 2 and 4) are good —
eXaMples of experienced home bui”lding. .—-——.. . .- .-..-_

Typical Of the 130w~us glider is the very small cock-
pit nacelle and the slender tail boom thit “elininafies a- ‘“’- - -
conplete fuselage”. In Expedition I the Bowlus glia-br-jias - -
equi~ped with a fixed stabilizer and convontiona~ ”trail~ng

—

elevators, whereas in Expedition 11 the ZKLevator was of
tile balallCc3d. ‘penduLumn typo. without any fixed stahilizor,
w“hich arro,ngemcnt” is provided as

-—.—
standard o“quipnont of this -

type of glider.. Tho othor types tcstod had” “c-onvontional”
fusolago”s and omponnagos”.

-. —... _ —

rho St’ick gli&or was bono-built by IIorman Stiglmoier
who used a Grunau 11 (3aby) wing and combinod +t with a
fuSOlagG” d~sign of’his own’. Tho Jonson t~.~o---seatsailplane,

,..=

tho scats sido-%y-side, was dosigh”o~ a&l ha-m’e-luilb by
Volmer Jensen. It has a highly tapered ~ing of symmetrical
profile; with the I?ACA 0018 airfoil at 7 in idence at the8
root tapering to the NAC!A 0012 ai~foil and 3 incidence at
the tip, and with pronounced dihedral. The wing Is eq~ipped
with spoilers and landing flaps, the latter ””eJxt6nding ●mr
the inner third of the wing syan. The. empennage and the
fuselage “are of conventional plywood construction- Qn —

.—.
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flight’s 30 through 33 ~he glider was towed up with the
flaps approximately 15 down. llach of the gliders was
equipped with a single wheel approximately under the ceu-
ter of gravity with ~ nose-landing skid ahead of it.

Instruments

Th6 following instruments were carried aboard the
glider during the tests:

b

(a)

(T))

(c)

(d)

((3)

A

A

A

I-square-Inch hydraulic piston-t:~pe tensione-
ter, made by V. Jensen and E. J. Stigl.meier~

—

transmitting oil yressure through a flexi.blo
hose to an oil pressure ga~e of eitlior 500M or
1000--pound range (fig, 5), was used to measure
the towing forces. Tho tensiomoter was repeat- .
edly calibrated. A calibration chart is prc-
sente-d in figuro 10..

.
motion-picture camera mountod on aa outriggor
extending forward below ono wing (sQo fig. 1) ?=
was used in ExpocIitions 1, 11, 111, and IT for
recording in flight the readings of ac impro-
vised external instrument board. In I!xpct!.i- f_

tious V tO TII the catiora ~ias mountocl abovo
_——

and back of the pilot IS shoulder to photograph
the instrument- board in tho glider cockpit.

second motion-micturo camera mountod in tho
Dose of tho glider was used in tho airplane”
towing fllghts of Expedition V to p~ot-ogro,ph
the towing ship.

... ,.-

Zlxternal instrument board (figs. 1, 2~ and 6),
containing an altiaetor, a rate-of-climb ~OtO~,

sn airspeed motor, and (in Xxpoditions 111 to
VI) a. clock having a l/4-second escapement.

A protractor (fig. 6) no~ntod at tho towing hook

for determining tho anglo between the towline
and tho fuselage reference line.

.
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TEST-S~ . ““

T owing Technique

The present tests conprise several towing techniques.
In ll~pedittons 1, S1, “and VI the glider Wa-s towed aloft
behind an a.utonobile. In these tests, which were made on
.a des’ert clr~ lake whose innense perfectly flat, smooth area
pernits a car to be driven at.50 to 60 miles per hour ftir
several miles in any direction, a long.towline ~as” used.
The towline consiste?. of I.zOO feet of number 12 galvanized
fence wire in I!xpedition TI and a.50-foot length of 3/8-
inch Hanila rope snubber line at each end o? the 1200 feet
of steel wire in E.xpeLition 1;, in Expedition Vf the tdwing
‘wire was 1800 feet long, 14 gage, with 25 feet of snubE8r
rope inserted at the upper end only and with a 3-foot par-

.-

aclrute snapped to the juncti’on. The snu%-oer ropes %roke
in flight 2 (at lower ens) ana flight 3 (at upper end)
soon after the start when an inexperienced tow-car driver
shifted jerkily into high gear. In flight 5 the’ towing
wtre broke at a kink, at low altiturle. In all other

.—

flights the towline was released. deliberately by t“he pilot
under noilerate load. In the other flights the tow ‘car
accelerated steadily and cruised at speeds between 40 and
55 niles per hour. In the &ry-Iake operation the g~~~e~--–’--’ ‘---
could hang on for several minutes and execute turns while
still in tow. The towing ca,re were a 1939 Lincoln-Zephyr
sedan in Zkcpedition 1, a 1936 Ford convertible in Expedi-
tion II, and a 3.938 De Soto sedan in Expedition V1.

Expedition IV was d,e~cted to the so-called pulley
method in which the rope is slung over a pulley fastened
tcI the rear hunper of the towing car (fig. 7) and the end
of the rope is anchored on a *ldead-mani[ or stake ..driven
into the grouna. This nethod is resorted to wher”e the”

—

runway for the car IS extremely short or so rough as %0
linit the car speea. The initial towing. speed is twice
the car speed. In the steeper phases the pulley nethod is
comparable to the winch inasnu~h as its free line gets .—.—

shorter and shorter. The towline was’a “1/2-inch Hanila
roye. The pulle~y had a S-inch sheave diameter ● A 1927
Chevrolet coup~ served as towing car and was driven, at 17
to 20 ailes per hour. The towing cars were driv&nby dri”v-
ers having expe~~eace in glider to~ving except in the two
instances previously nentionad.

—

In Expedition 111 the glider was launched by means of
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a power winch. This winch had bee~ built by Jay Buxton in
1936 ant! had been tised.in over 1500 launchings including
three regional soaring contests. The winch is shown in
fi.guro 8. It serves to wind the towins rope on a drum, the
dianeter of which grows from 10 inches at the begiunlng to
18 inches when full of rope. The rope is led over an over-
head guide pulley and is evenly distributed over the 20
inches of drum width by a spooling device manually con-
trolled by the winch operator. “.The drum is directly driven
by the drive shaft of a 6-c~linder, 1928 model Studebaker
automobile engipe. The clutch, the gear, the gas pedal,
and the shaft %rake were arranged. “to he operr.ted from a
seat facing the glider. All of tho present w$noh launch-
ings were inade in secoat!.gear without shifting. Tha tow-
line consisted of .’7/16-inch IIanila rope, over 2400 feet of
which was payed out from the winch to the qlid.er to be
launched. Allout 1500 feet of this ro-pe was hauled in by
the winch, which was smoothly accelerated to full speed
and finally slowed dowa to signal the pilot that he shouZ&
release. The winch ~~as operated by an experienced oper-
ator, hinself a glider pilot. *“

In Xxpeclitions “V and VII the Glider was towed behind
an airplane. !?he towing plane was a Spartan open coclcyit
two-seat biplane NC 8561: powered by a 175-horsepower J-6-5

?,

~~rfght engine . The liile, the spliced-in end ring of which
was attached to a quick--release ho~k inprovlsedly mounted
on the tail-wheel fork of the towing airplane (fig. 9),
had a length of ayproXinately 450 feet. It consisted of
450 feet of 5/16-inch llanila rone in flights 24, 25, and
26. After it had eventually %r&lcen in flight at a worn
splice knofi, a length of appzox.imately 350 feet of number
11 steel wire to which was spliced 100 feet of+/16-inch
Mmila rope at. the” rear end. was substituted i.n flights 27
end 28. In flights 34 and 35 a iianila rope of ?/16-inch
minimum diameter was used.” This rope broke in a violent ,
naneuVer in fliGht 34, whereupon the ends were knotted to-
gether for the last s;lori flight.

IQ these airplane towing flights the l~locomot-ivell
airplane climbed steadily to about 2000 f%et, flying ei-
t-her straight or making- gentle turns until. the glider pi-
lot released at his end, whereupon the towing airplane
would return to the airport tO drop the line and land. The
towing Qilot reported that the drag of the glider decreased
the climb rate of the airplane from shout 900 feet pe”r nin-
ute to about 500 or 6@0 feet per minute and decreased the
speed at full power by about 10 to 15 iniles per hour.

t

)-
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Towing turns ~~ere execu,ted at” about a 10° .ban_k. The pitch-
ing and the yawing novenents applied by the towline to the
tail when the glider failed to track were easily corrected
by elevator and rudder maneuvers, and the deceleration due
to tow-pull peaks was usually s~all bec&us_e such ye_aks
were of short duration”. The naximum monentary speed drop
observed was reported as between 12 and 15 miles per hoyr
and was ,accompanied”by a chop of 70 rpn. The airplane tow-
ing pilot tried, to hold 60 to 65 miles per hour by his air-*
sp’eed :ueter. These flights were made from a level airport
in the lowlands.

lIaneuvers —.

,The gliders were flown By experienced pilots in all
of the .experim~nts. In sone o: the tests thq ~ilots at-
tempted to fly according to approved conventi.ogal towing
technique of moderate and steady c’~imbing at moderate
speed without excessive or severe maneuvering. In some of ‘-
the other flights spontaneous porpoisi,ng (reference 1) was
observed in a nild degree and in nany instances the same —
typical porpoising oscillations were dqlib”er-ately fanned
by the pilot instead of ~.anpe~., in an effort to simulate

—...

typical inexperienced- studentst “mistakes and to create un-
tisually severe two-force peaks, Steey clim%s were made
deliberately in a few of the flights. ‘

Only casual attention was paic!.to.the lateral and the
&irectional stability. Large rolling anpli*u5&s were re-
peatedly allowed to build up in several flights. The main-
tenance of course in tr-acki.ng was very good in all flights
exceyt one when deliberate yawing was practiced.

In the aircraft towing. flights the glider was take_n
off the ground a.s soon as <t attained flyirig spe”ed aad then
was flown low to give the locomotive a chance to take off.
Horza.lly the glider pilot attewpted to:trac~ behind %hg
towing airplane and to fly a few feet higher. Repeatedly,
however, he would deliberately fly higher, lower, off to
one sicle, ar throu~h the propeller .slipstreau, or.ho would
allow the towline to slacken and then to jerk taut.” Dur-
ing part of one flight the glider pi~ot Leli%oratoly nade
royoatecl. violent veering na~euver”s first allowing the rope
to slacken, then turning.15 to 30~ away .fron tho path .of
the towin~; airplane until the ro~e snapped taut and jerked
the planes thus inparting a violent ,yawing nonent and a
h~gh farward acceleration to it. ,, In the Last nan~.uver~
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which was particularly vicious, the towline actually broke
Wbti”ths glider veered’ away to- the right while the towin~
airplane made a left turn. These violent Eaueuvers were
executed to simulate bad pilotst err,ors,. They appeared
extrene in severity, rougher than any reasonably trained
pilot should inadvertently encounter. The airsyeed peaks
actually exceeded the placard speed and reached 85 miles
per hour, although. the towing airplane kept a relatively
smooth pace at 60 to 65 fiiles ~er hour indicated speed..
The jerks did not appreciably affect, the towing plane, al-
though its pilot coulcl feel them at the elevator and rud-
der controls. .

To-pography of Sites

,

r

—

Wind velocity, gradient, and gus%iness are recognized
to have a narked influence upon the severity of the towing
operation. The topography of the Site also. influences
this severity, inas~uch as it affects the wind structure
and the motion of the towing vehicle. The sites at which
the. present tests were conducted e.r? t.yyical of .Oalifornia
glide2-cctiVity places. r—J.—

Rosaaond Dry Lake is a perfectly flat dry lake bed
covering about 25 square miles, situated in a vast 80mi- 9

desert valley ringed by desert mountain ranges 15 to 25
miles away. It is a favorite and typica~ West-em site for
glider-student training. The altitude is approximately
2200 feet. Occasionally good soaring therrmls are foun”d
there.

Dominguez Field iS a typical flat and level. lowland ‘
type of glider field, about 1* niles by ~ nile extending
in the prevailing wind direction. The elevation is 40 feet.
The Doninguez oil-field hills adjoin it to the north. The
nearest seashores are 8 miles west and south, but bcean
winds are intercepted by the Pales Verdes and by the Tor-
rance oil-field hills.

“Gardena 17ield is an airport used for student train-
ing. It has a smooth turf surface and is 6 nilos fron the
coast in flat surroundings. The elevation is 50 feet.

T!he site at Torrey Pines is a snail plateau on a -rug-
ged cliff jutting several. hundred feet above the ocean and
offering an uninterrupted though jagged barrier, which de-
flects the sea breeze” and extends for several miles along
the coast north of La Jolla.

-.

h

#
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Heather

!lItefallowing is a sunnary of the meteorological con-
ditions prevailing dur$ng the various expeditions at the
sites:

~editiozl 1, “October 9, 1940, at noon to Rosamond -
Dry Lake.- The day was warm, the air temperature was 86°?
and the sand temperature was 96°. A high-press~re area
was building up over the desert; as a result Los Angeles
experienced a heat wave of over 90°. A gusty desert wind
of up to 15 miles per hour veering between north and north-
west alternated with dead calm.

The snail thermal- clouds forming and evaporating again
at the edge of the dry lake were not reached by the glider.
Exploration by airplane revealed strong vertical up- and
down-currents over adjoining mountain ranges 20 miles to .
the south.

31xpedition 11.. October 12, lg~()* late afternoon and
evening.- The wind died down gradually fron 8 miles p“er
hour, north, at 3:30 p.m., to a dead calm befor’e ‘sunset
with practically so wind ~ctivity aloft. The temperature
ranged between 75 and 80 17, and the weather was clear,

E “v.. e~iti~n 111, November 24 s 1940, afternoon. to
Domin,quez l?ield.- The sky was clear overhead, but a high
overcast drifted in westward from the ocean. The wind was
westerly and very slight (3 to 6 mph) on the ground, dying
down after 4 p.m. Slightly higher winds aloft were indi-
cated %y smoke and steam given off by nearby oil refinery “-”
plants.

.

r

Expedition IV, Februa’ry 2, 1941, at Torrey Pines,w

The sea breeze was unusually weak, in fact was too slack
to support soaring at the cliff, and the flying had to he
discontinued when fog drifted in from the ocean.

~xpedition V, May 11, 1941, at Garden4.- The weather
was fine; the wind veered from the e’ast toward the south-
west ● The wind spe”ed on the ground avera~ed less than 5
miles per hour but there were occasional sizable gusts
and small thermals.

-.

Expedition VI, June 21 and ~2. 1941. to Ilosamond Dry
Lake.- TQn weather was cloudless and clc~r, temperature....--—.. .. .... .
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85° to 90° F, with a strong gusty desert we.=t wind blowinG,
wind velocity averaging 12 to 18 niles per hour, with gusts
up to 24 miles per hour and. lulls clown to 8 miles per hour
measured 5 to 7 feet above ground. In flights 29 and 33
the air vas &ecidedly rough. On the second day, flights
30 to 31 were made in the morning before the wind had at-
taineil full force=

Expedition VIZ, June 28, 1941, at Garden%.- appreci-
able thermal activity and a west wind o+ approximately 12
miles per hour with occasional gusts to 15 miles per hour
were followed l)y lulls to 7 niles per hour recorded 7
feet above the ground. The weather was clear except for
the edge of light ocean fog 6 to 7 miles to the west.

RI!SULTS AITD DISCUSSION

The various flight parameters as evalu~.ted from the

motion pictures are shown plotted against both frame se-
quence end time on figg~res 11 t-o 17 for several represen-
tative flights. Each of the figure”s from 11 to 14 com-
prises several graphs. The top portion of the figures
shows the history of towing force and altitude a%ove the
field. The center plots sho~~ airspeed and towi-ng angle
(hetveen fuselage reference line and upper end of towline) .
The.lowerrnost plots show roll and .inclinat~on (fuselage to
horizon) . Yigures 1.5 and 17 present the results of the
airplage towing ”tests of ~xpe?tftions V and VII.

A comylete set of figures obtained in the investiga-
tion are available for reference at the Washington office
of the lTfLCA.

?2ahle I presents a synopsis of the gliders flown, the
towing nethods used, the nunber of flights made, anii ka%le
II””a chronological log of the individual flights with an
a%stract of the results.

The fol~owing is a brief survey of the interesting
features of these results, The maximums observed in each
flight are entered in the synoysi~ ta%le.

The e:ctreme peaks of the towing force, as obeerved in
the yr.esent series of tests, in pounds .atid” iii terms of——

gross weight W are given in the following table.

*

#

k.

i

—

*“
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FJ?2REME Y2M.KS OE TOWING FORCE

Type of Force mea,stired T Owilq+
Gli.d.or locomotion forco

(lb) (po; ~nt , .anglo
, (aeg)

30W1US Atitonobilo 465 - 90 !51
J’enson ----d.o---- 380 a50 ----- -
30 W1US Pulley 340 ’72 38
Stick Winch 480 92 45 ‘,

‘Brioglcb Airplane 385 86 In yaw

11

-I

Extroac pedcs of tho towj.ng,forco P, noasurod at
tho glid.or, invariably occurrod in tho pul~~up”pli~so Gf
oxtronc .yitch oscillations. Tnoy do not, as e.rule, coin-

,.-

cit!!owith tho stcopost pull angles m, bocp.usO “-thoin-
croo,sod.pull tends to reduco tho sag of tho towl$~ti.

T!ho grcatost towing forco coqononts norual. to t.ho
wing choril, iil~ort~.~t as flight lords, can ho dorivod P.s

P cos (a + i), vhora i
..-

dor.otos tho an@o of inci~~oaqo
botwoon the chord an-? tho rofcronco lino fron which tho
~lottod towing P.nglos wcro aofl.suro~.. 3!~o zaxi.nua nor:lal
conpononts thus encountered woro 360 poun~.s (0.70 It) in
tho Bowlus flights, nnd 35o poun?s (0.67 W) in tho winch-
towod Stick flights.

In tho Jnnson fli,:hts tho tawing-forco cmglo was not’
ne~.suroa. Ol)scrvations fron tho ground in&ico,to that an
ostinmto of 50° “probably is not fo,r fron tho EUEinun at-
tained. Yh-is would mla.co tho norrial force attainti&at
about 250 younds or 6“.33 W, hut in thoso fl~gh%s tho incli-
nations wore kept ~oclorato by tho pilot (14 for nircraft
refcronco line, 21° for chord at wing root).

.
Tke towin~-forco extrenos nre oxcoptional. Peaks

oxcooding 80,percont of th’o extrenos woro Tory rtio-, but 75
% percent wo,satta.ino?- qui%o a few tines. Steady lotids in

stOOp cli:lbs are seen frequently to nverag~ 150 to 250... . .__._ ..
pounds in the automobile-towed Bowlus fli”ght, and. 250 to”
350 pount!!s in the winch-towod Stick flight.

.-...— _+ —
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In tho pulley towings, ovon thou~h E!tCOp clinbs ns
fast as 2400 feet per ilia~to woro nado, tho towing forco
peaks ror.ched 340 pounds onto nn?. 310 younfls several tines,

In tho auto:~obilo-towed Jensen flights tho zm.xlnun
pull of 380 pouilds was observed on the i2TXiiiUil pointor Inlt
vns aot caught on the filnt This V(?.lUO iS Only about 0,50
W in spite of tho very hi~h wind speeds which prevailet.
clurin.g sone of the tests. These towing forces nay in part
be characteristfa of the synnetricml wing profile.

To sone extent any such coapnrative stnttstical ~1~.te.
nay bc systen,ntically influenced *by the ?.ifferoncos of
prevailin~ con?-itions relatin~ to wine?, towinc speod~ and
climb . Tho fact that no peaks olserve?. reached. quito as
hiGh Vnlues i.n terns of gross wei~ht as t-hoso reported. in
reference 1 .is interpreted as inlicc.tive of the fact that
thoso deliboro,te rough-.wee.ther fli~hts in 1937, nnde hs” an
.acrobaticutraine t!.pilot, cou.prise?. unusunll.y severe naneu-
vers not easily duplicated un?-er norrml trr.ining or ser~-

ice conditions.

A little noro light was shed on the peculiar pitch
oscillations soaetines referred to as porpoising ~.nd ob-
served in both automobile r.nd winch towing. The oscilla-
tion periods were nostly between 1 m?. 2 secoads$ in sone
instances very regular. IW the BowIUS Baby hlhatross

flighis, the type of elevator t!iclnot seeu to inf~uence
the character of the porpoising behavior, but+he impres-
sion was +zthered that thb tendency to porpoise was less
‘with. the stabilizer-and-fli-ppers type of eupeanaGe t:nan
with the undamped pen?.ulum type of elevator.

The porpoising notion is to sone extent reflected in
the fern of the inclination oscillations. I?ot exactly in
phase. with the towing force, inclination peaks usually
prececle the pull pea~zs by ~ fraction of the period. This
can bo interpreted to in?.icate that inertia forces should
not be o,c??.e?.to but shoulcl be subtracted fron towing-pull
oonponr3nts as far 0,s wing loads in porpoising r.re con-

cerned..

Thnt the porpoising phenomenon is not aerely n fanne?.
phugoid notion Is indic~.t’ed by the fact that the phu~ofd

frequency of the gliders tested ie noticeably slower as
observed in free fllght after release and ‘after deliber-
ately disturhin~ a steady glide (5 to 8 see).
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Yawing and rolling ‘up to ~9° an?. at periods varying
fron 4 to 11 second.solid’ not tend to enhance the- towing
forces measurably in autonohile and winch towing, but ?-id
so in airplane towing.-

Othervise, the-pull in airplane towing was nor~ally
quite low. It averaged less tbn 100 pounds at airspeeds
linited by the MA ~lacard. Occasional peaks occur when
the glider, after having coasted on a slack line, he~ins ~.
to lag behind and. the tight snaps taut. Peaks registeq.ed 1
at only 250 pounds- were.already felt as severe jolts and
baused quick acceleration of the gli?.er. When passing
through the slipstrea~, the glider is thrown sor.~ewhatout
of its track which nay accentuate the next towing-force
peak considerably.

The deliberate swerving n~.neuvers executed, on fL.ight

34 nust be regarded as unusually violent and departing
considerably fron conventional practices. Even SO, the
towing-force peaks stayed. nostly below 300 pounds, in spite
of the fact that excessively hi@ airspeed peaks were sjt-
tained. How nuch the towing force night have increased
had the line nut %roken at 385 pounds in flight 34 at 580
seconds is, of course, unknown. However$ the je”rks felt
in these zlaneuvers and the longitudinal and veering accel-
erations inparted.to the Zli.t!.erby the towing-force peaks
were uncomfortably severe. Yet the forces themselves were
actually lower than the naxinur.ls observed in automobile,
pulley, or winch towing. In view of the acute angles of
the towing pull against the wing chord in airplane towing,
the contribution of the towing forces to the wing-load
factor is rather insignificant, but the speed increases in
the accelerated phases of the towing jerks a.r.e
cant .

signifi-
The increases can readily becoae critical as speeds

In excess of placard speeds can lna~lvertently be attained
and passage through the propeller slipstream can be equiva-
lent to a severe gust whi.chs at excessive flight speedy
nay inpose high” wing loads and re.qui.re large control no-
nents,

Arrangements had been nade.to carry the towing-force
neasuring instruments, .equippe,d with a maxinum pointer,
on a ferry trip in which a Cadet glider (the same one,
G10255, on which the 1937 iTACA towing tests reported in
reference 1 had been conducted) was flown in tow by 560
feet of 5/16-inch Haniia rope line behind a ~iaco UPF7 air-
planO on biay 30, 1941, from Bakersfield to “1.IonteGellO,-
California, a distance of 115 miles, 40 miles of which was
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over tho se~ii~.osert San Joaquin Valley, 50 niles over the
rug~e?. Tehachapl range w~th peaks of 7000 feet and n~rrow
gor~os, while the last 25 niles leclover pr.rt of the.%OS
Angeles metropolitan area. !l?hetowecl fli~ht took one hour
and fifteen ninutes and was aade e.t altitudes.up to %100
feet. The towinz airplane was _po\veredby a 210.horsepower
Continental ang$ne. Unfortunately, clue to sor3e ninor in-
stall,ation trouble, no quantitative towing-force neasuro-
nents were collected fron this flight. However? the pilot
reported that nest of the flight was reua,rkably snooth an~
but few jerks were fel’t~ even though airspeeds in excess
of 90 miles per. hour were occasionally reached and in sane
places the towing plane flew through fringes of cl,ouds
hanging low over the nountaiks, temporarily blotting out
the vision between the two craft. The greater paz*t of
the second half of the fli~ht was nacl.eabove broken clouds
whore the air was sta%lo. Tho roughost part of-$ho flight
was the part inuodiatoly following. tho take-off when, at “
high speed and. low ~.ltitudo, thernal curronti a-pyarontly
ri.sin~ fron Oil-storago tanks “woro oncountcrod. Tho ton-
pcraturo was nomr 90” Y and the” woathcr thoro ~~as dry afi~
clear. A1though about t-hroe sizablo jolts woro felt by
the pilot during, tho clin% ovor tho broad valley, they
woro iuconsoquontial. Host of t-ho tino t-ho towline was
fairly taut bcor.uso of tho high towing spood which avor-
.agcd 78 nilos pcr hour. During nest of tho fliGht tho
glider pilot did not fool it nocossary to uo~o tho con-
trol stick noro than a, fraction of an inch t-o parr~ gu~ts,
Ho flow o,bovo tho slipstroan aost of tho tine. At OnO
instance,. howovor, just boforo hitting a cloud ovor tho
ond of Antolopo Vnlloy a sharp roll roq,uirod full oppo-
sito control.

1. Th.o proscnt tests indice,to that in norual winch

and pul.loy towing tha towing f.orcg.a t@o of about t~o SO-HO
na.{;nitucloas in autonobilo towing o.pd stay holow”-tho
wciGh% of tho nircrtaft.

2* Iil airplane towin~ tho forcos aro nornally low,
nuch loss than in autonobilc or ~~~inchlaunching, and in a
loss critical di.roction.

3. Spood.incroasos in tho accclcratod yhmsos of tho
towing jerks cucountorad in airplano towing can readily
bocoao critical ns spoocls in oxcoss of-plncard spoods cnn

.
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he ,attained and pas,sage through the propeller slipstream
c~an he equivalent to n severe gust which, at excessive
flight speed, nay inpose high wing loads ~aud require, —
lnr~e control none.qts . . . .

4. In nirplnne towing the insertion of a wemk link
~.t the rer,r end of the towline would seen to offer the nd.-
vrmtaGe thp.t it would liait the jerk P,nc?.in case” of line

severr.nce, s~.~e the ~~li?.er pilot fron the necssisity o-f

C1.roppi+ng his end of the line before landing. ,. .— —

5. Although the present tests incl.ud.ed.several in-
st,nnces of hiGh wind, they afford-ad no o-gjortunity to
learn the effects of b~.~ weather. .... .—

.

Southern California Soa.ri_n~Association. Inc.,
Los AnGeles, Cr.lif.

,..

1.

2*

Klenperer, V. B.: llensureneat of the I!orces ActifiZ ““-
on Gli?.ers in Towed Flight. T.:!. ITo. 753i NACA,
1940. -

Anon: Civil Air Regulations. sroposed l?~rt 05 - :;~,”
Glider Airworthiness. C,A.A., June 1940. ..
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NAOA Technical Note No.844 Figs. 1,2,3
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Figure l.- Bowlus Baby Albatross glided with camera
lapsible outrigger and instruments.

,

.

,Figure 2.- Stiglmeier ‘Stickn glider.
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Figure 3.- Briegleb BG 6 glider.
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Figure 4a.- Jensen two-seater sailplane.

Figure 4b.- Jensen two-seater sailplane.
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Figure 5.- Eydraulic tensioaetex.
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Figure 6.- Tow test equipment on Stiglmeier ‘Stickti.
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Figure 7.- Car pulley for pulley tow..
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Figure 8.- Buxton winch.

Figure 9.- Release book on tow plane tailwheel fork.
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-. . .-Fllgnt MO. 1

Fig. lla

.

Figure ll(a,b).-Resu.ltaof flignt of Bowlua Baby Albatroegliderwith
conventionalelevatorin automobiletow.
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Fig. 150

Flight HO. 28

Figure 15.- (Uontlnue$)
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